Abstract Corticosteroids have been used to treat infectious diseases for more than 50 years but, although it has been shown that they are highly effective in improving the clinical course of some diseases, their effects have not been clearly defined in others. Nevertheless, they are still used by a considerable number of physicians. This review analyses the role of systemic corticosteroids in the treatment of acute pharyngitis (AP), community-acquired pneumonia (CAP) and acute otitis media (AOM). A number of trials involving patients with AP have been carried out, but most are marred by methodological flaws that do not allow any firm conclusions to be drawn. The number of trials involving CAP patients is even higher, and the data suggest that corticosteroids may reduce the risk of death only in patients with severe disease. There are very few data concerning AOM, and there is currently no reason for prescribing corticosteroids to treat it. Overall, the data showed that there is, currently, no indication for the universal use of systemic corticosteroids in any of the reviewed diseases and, further, highquality studies of all of these respiratory tract infections are needed in order to identify the patients for whom the prescription of corticosteroids is rationally acceptable.
Introduction
Attempts to use corticosteroids in infectious diseases have been made for more than 50 years. Early reports relating to typhoid fever [1] , tuberculous meningitis [2, and bacterial sepsis [3] clearly suggested that they could significantly improve the clinical course of severe infections, and led to the widespread use of corticosteroids in a number of other infectious diseases. However, subsequent findings that they may sometimes be ineffective or harmful due to their immunosuppressive or other potential negative effects have convinced many clinicians to avoid their universal use and to limit their prescription to the clinical conditions for which there are indisputable data concerning their efficacy, safety and tolerability [4] .
Corticosteroids significantly down-regulate the inflammatory response because they inhibit the migration of polymorphonuclear leukocytes from blood vessels and affect gene regulation in such a way as to reduce the transcription of a wide range of pro-inflammatory cytokines, chemokines, adhesion molecules and cellular inflammatory receptors [5] . They also reduce the expression of a number of proinflammatory enzymes, such as nitric oxide synthase, cyclo-oxygenase and phospholipase A2, and, consequently, reduce their inflammatory products (i.e. nitric oxide, prostaglandins, leukotrienes) [5] . In general, inflammation benefits hosts with an infectious disease because it is useful for eliminating the infecting pathogens [5, 6] . However, an excessive amplification of the inflammatory response may worsen the clinical course of infectious disease, leading to significant tissue damage and development of systemic effects. This indicates that corticosteroids can be useful in infectious diseases when the inflammation is particularly severe, but dangerous when the activation of inflammatory processes remains within the normal range [5, 6] .
McGee and Hirschmann have recently reviewed most of the published studies regarding the use of corticosteroids in infectious diseases and divided their effects into five possible outcomes based on the degree of improvement in the clinical course of the disease, no effect, a lack of clear data concerning their real efficacy or the demonstration of a negative impact [4] . Their review confirmed the positive effect of corticosteroids in some infectious diseases, especially those that are particularly severe and associated with a significant risk of death: the patients with herpes zoster who received the greatest benefit were those experiencing the most pain, and the same was true of patients with Pneumocystis jirovecii pneumonia and hypoxaemia [4] . Similarly, the survival advantage was greatest in the patients with diseases characterised by the highest baseline mortality rate, such as tuberculous meningitis or pericarditis and typhoid fever [4] .
However, although these positive examples meant that the prescription of corticosteroids came to be considered mandatory in the treatment of these diseases, their role has not been fully defined in other infectious conditions. It cannot be said whether they really increase the impact of standard therapy or whether their possible advantages outweigh the potential harm they can cause. Acute pharyngitis (AP), community-acquired pneumonia (CAP) and acute otitis media (AOM) are, particularly in children, some of the most common infectious diseases and, at the same time, some of the diseases for which systemic corticosteroids are widely prescribed in Italy and in other countries mainly of Southern Europe, although this is not codified by official guidelines. Defining the real clinical relevance of this treatment in AP, CAP and AOM seems to be important in order to avoid clinical and economic problems in the case of inefficacy, or increase cure rates in the case of positive effects.
The aim of this review is to assess whether there are enough reasons for using systemic corticosteroids in these diseases, and whether further studies are needed. All the clinical trials concerning the use of corticosteroids in both adults and children in the last 15 years were selected from PubMed and MEDLINE using combinations of text words and thesaurus terms appropriate to the concept of AP, CAP and AOM. Related meta-analyses were used to evaluate the characteristics and the quality of the selected studies.
Acute pharyngitis (AP)
AP is very common in children and adults: in the former, it is the cause of about 5 % of medical visits [7, 8] and, in the latter, it accounts for about 2 % of all outpatient visits [8, 9] . Most cases of AP are due to viruses (mainly rhinovirus, coronavirus and adenovirus), whereas Streptococcus pyogenes and Mycoplasma pneumoniae are the most frequently encountered bacterial pathogens [10, 11] . S. pyogenes accounts for 15-25 % of the cases in children and 5-10 % in adults [10] but, mainly because of the difficulties in identifying the pathogen in respiratory secretions, the aetiological role of M. pneumoniae has not been precisely defined [8, 11] . The clinical relevance of viral pharyngitis is marginal because most cases spontaneously resolve in a few days without producing significant sequelae [8] , whereas cases caused by S. pyogenes can be followed by severe early and late complications, such as peritonsillar abscesses, cervical lymphadenitis, mastoiditis, glomerulonephritis and rheumatic fever [8] . This explains why all of the international guidelines produced by scientific societies recommend the use of antibiotics when streptococcal aetiology is demonstrated or strongly suspected, although there are some differences in patient selection [8, 10, 12] . M. pneumoniae is not considered a dangerous pathogen by all experts, and is, therefore, usually not sought and, consequently, remains untreated, although some data seem to suggest that this can cause recurrences involving both the upper and the lower respiratory tract [11] .
Regardless of its aetiology, AP is usually accompanied by fever and significant sore throat, and, so, antipyretics with analgesic effects such as paracetamol and ibuprofen are recommended [8, 12] ; even in streptococcal cases, antibiotics only have a slight beneficial effect in reducing symptoms and fever [13] .
Corticosteroids inhibit the transcription of proinflammatory mediators in human airway endothelial cells that cause pharyngeal inflammation and, ultimately, symptoms of pain, and may be beneficial in other upper respiratory tract infections, such as acute rhinosinusitis [14] . Consequently, it has been suggested that they could offer similar symptomatic relief from sore throat and could be used in the treatment of AP. A number of clinical trials have evaluated the effect of corticosteroid administration in combination with antibiotics in patients with AP [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , and Table 1 summarises the main clinical characteristics of these studies. In most cases, these studies have shown that corticosteroids are beneficial in patients with AP because, in comparison with placebo, the treatment was associated with a significantly faster reduction in pain or complete pain relief [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
This has led some authors to suggest the universal use of corticosteroids in the treatment of AP, but systematic reviews or meta-analyses have shown that no definite conclusions can be drawn because some of the studies had methodological weaknesses in the way they assessed drug efficacy, and others did not adequately consider important characteristics of the enrolled patients or corticosteroid administration that may have influenced the results [8, [25] [26] [27] . Moreover, the advantage of corticosteroid use (i.e. a 4-6-h reduction in the duration of pain without any change in the number of lost school or working days) has been deemed too modest to justify their universal administration in AP [8, [25] [26] [27] . The methodological limitations in evaluating the effect of corticosteroids were highlighted by the way with which the mean times to the onset of pain relief and complete resolution of pain were reported [8, [25] [26] [27] : inadequate method of evaluation, no standard deviations or the use of graphic representations alone [16] could have led to very difficult and frequently inaccurate analyses of the collected data. Moreover, particularly in younger children, the mean time to the onset of pain relief and that of pain resolution would have been limited by recall bias because it strictly depends on the patients' memory and attention to the problem, together with the recording methods [17, 19, 20, [22] [23] [24] . Finally, differently efficacious visual methods were used to objectify pain, particularly in children [15, 18, 20] . Most of the trials were conducted in an emergency department setting, which suggests that, in some studies, particularly in those carried out in geographic areas where it is difficult to reach the hospital, at least a part of the enrolled patients could have very severe throat pain, and the results may not apply to primary care. In a study that enrolled fewer than 50 % of patients with exudative sore throat (i.e. with milder baseline symptoms) and showed no significant change in the time to the onset of pain relief, Hayward et al. found that the effects of corticosteroids on the mean time to the onset of pain relief were only homogeneous in severe, exudative or bacteriapositive sore throat [25] .
Furthermore, most of the studies included both children and adults, and analysed the pooled data. This could lead to wrong conclusions because meta-regression analysis of the data regarding children showed no significant effect in the mean time to the onset of pain relief [25] , which suggests a possible agerelated difference in the clinical effect of steroids or that younger patients find it more difficult to estimate when pain relief begins. However, the wide confidence interval could be due to the small sample size of the paediatric population.
Other points that need to be taken in account when evaluating the available data are concomitant therapy and the role of aetiology. In most cases, corticosteroids were given together with antibiotics and (at least in the first days of treatment) paracetamol or ibuprofen. As antibiotics can have an, albeit slight, effect on pain by eliminating bacteria and, consequently, reducing inflammation, it may be difficult to identify the independent effect of corticosteroids on sore throat symptoms. Furthermore, in a trial in which a small group of children with a negative latex agglutination test for S. pyogenes were treated with dexamethasone or placebo, Bulloch et al. did not find a statistically significant difference between the two groups in the mean time to clinically significant pain relief (respectively, 15 and 9 h; p00.32; effect size of 4 h with a 95 % confidence interval [CI] of −2 and 10 h) or in the time to complete pain relief (50 vs. 48 h; p0 0.61; effect size of 2 h with a 95 % CI of −11.8 and 15.8 h) [15] . In terms of aetiology, some studies differentiated the S. pyogenes positive and negative cases and found that corticosteroids were more effective in the former, although the differences were limited to a few hours and were, consequently, of marginal clinical importance [15, 19] . There are still no data concerning M. pneumoniae and, given the possible positive role of corticosteroids in lower respiratory tract infections due to this pathogen [28] , this may be an important gap to fill.
The small sample sizes of the available studies have prevented the identification of the best type of corticosteroid, dose regimen or route of administration. As most of the studies found that a single corticosteroid dose given at the time of diagnosis reduced the pain, and there was no advantage in prolonging the treatment, some authors have concluded that a single dose may be the best way of using corticosteroids in AP [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . However, these studies used different drugs (dexamethasone, prednisone and betamethasone) at different doses, and they were administered by different routes (orally or intramuscularly).
The risk of adverse events has never been investigated in long-term studies. This seems to be particularly important in paediatrics because children can suffer from repeated episodes of AP over a short period, and the administration of corticosteroids can lead to negative effects. The impact on bone density, the risk of avascular necrosis, psychosis, blood sugar concentration and many other potential negatives have to be taken in account. Furthermore, the absence of a detailed long-term follow-up means that it is not known whether corticosteroids increase the risk of a few extra cases of streptococcal sore throat as a consequence of their immunosuppressive activity, as has been suggested in the case of streptococcal pneumonia [29] . Finally, there is no published study of the effects of corticosteroid administration on the development of acute rheumatic fever.
On the basis of the above, it can be concluded that the available data do not support the use of corticosteroids in patients with AP. In everyday clinical practice, some episodes of AP are treated with antibiotics despite their unknown aetiology and cause very severe pain. For this reason, some authors [25] have suggested using a single dose of systemic corticosteroids in the hope that a more rapid reduction in throat pain will avoid the need for antibiotics. However, according to what is reported in official guidelines [30, 31] , we feel that there is no place for the use of corticosteroids in AP independently from the age of the patients and the aetiology of disease. If present, positive effects are too modest to justify the use of drugs for which, particularly in case of repeated administration, the potential adverse events have not been clearly evaluated. If the main reason to administer corticosteroids is to reduce antibiotic administration, we think that the systematic use of the Centor and McIsaac scores to predict group A streptococcal pharyngitis [32] or of the rapid test for the identification S. pyogenes antigens can be significantly more effective without any risk for the patient [33] .
Community-acquired pneumonia (CAP)
Although antibiotics and vaccines have greatly reduced the morbidity and mortality associated with CAP, particularly in industrialised countries [34, 35] , it remains a significant clinical problem for children and adults worldwide, and has a considerable impact on healthcare costs [36, 37] . Additional therapeutic interventions are, therefore, urgently needed.
The inflammatory response triggered by the entry of pathogens into the alveolar space is useful for controlling and eliminating primary CAP, provided that it remains localised. However, when the cytokine response is unbalanced and excessively amplified, the clinical course can worsen and lead to systemic effects [38] [39] [40] . It has, consequently, been suggested that systemic corticosteroids could be used as adjunctive therapy in order to accelerate the resolution of systemic and pulmonary inflammation in the early phase of the disease.
Since 1956 [41] , a number of studies have been published [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . However, only a few were prospective and methodologically appropriate because, in most of the cases, these studies were not randomised, double-blind and placebo-controlled [42] . Moreover, even the few high-quality studies were characterised by considerable heterogeneity in their populations, the aetiology of CAP, the severity of disease, the choice of drug and dosing regimens, the route of administration and outcome measures (see Table 2 for characteristics of the most relevant studies). This makes it difficult to compare the results and draw firm conclusions [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] , and also explains why, in some cases, studies reported conflicting results that have lead, in a recently performed meta-analysis, to conclude that corticosteroids do not improve the clinical outcome of CAP [55] .
However, the analysis of the single studies seems to suggests that the severity of the disease and the aetiology of CAP can play a role in conditioning response to corticosteroids. The importance of CAP severity was suggested by the data collected by Confalonieri et al. [46] and Mikami et al. [47] . These authors respectively studied the effects of hydrocortisone and prednisolone on several vital signs as well as radiological and laboratory tests of adults with CAP. The former included only severe CAP cases and reported that, after 8 days of corticosteroid administration, treated patients had, compared with control subjects, a significant improvement in PaO 2 :FiO 2 (p00.002) and chest radiograph score (p<0.0001), and a significant reduction in Creactive protein levels (p00.01), MODS score (p00.003) and delayed septic shock (p00.001) [46] . On the contrary, Mikami et al. enrolled patients with CAP of different degrees of severity and found that the positive effect of corticosteroids was marginal in mild cases and significantly more prominent in the moderate severe subgroups [47] . Regarding aetiology, Confalonieri et al. [46] and Marik et al. [45] found that the use of hydrocortisone reduced the need for mechanical ventilation in adults with CAP, as well as the length of stay in an intensive care unit (ICU), whereas van Woensel et al. [44] found that corticosteroid treatment was negative in children. These last groups enrolled children (aged <2 years) mechanically ventilated for respiratory syncytial virus lower respiratory tract infection. Children were pre-stratified for severity of oxygen abnormalities on admission. A superiority approach was used in the subgroup of patients with mild oxygen abnormalities (arterial partial pressure of oxygen/fractional inspired oxygen concentration [PaO(2)/FIO (2)] >200 mmHg and/or mean arterial pressure ≤10 cmH (2)O) and a non-inferiority approach in those with severe oxygen abnormalities [PaO(2)/FIO(2) ≤200 mmHg and mean arterial pressure >10 cmH(2)O]. The primary outcome was the duration of mechanical ventilation. In the subgroup with mild oxygenation abnormalities, 45 of the 89 included patients received dexamethasone (0.6 mg/kg/day, 48 h) and 44 placebo; in the subgroup with severe oxygenation abnormalities, 28 of the 56 included patients received dexamethasone and 28 placebo. The results showed no evidence of a beneficial effect of dexamethasone [44] , as it has been repeatedly demonstrated that corticosteroids have no effect in children with respiratory syncytial virus infection [55, 56] . On the other hand, Snijders et al. found that prednisolone had a marginal or negative effect in adults [48] : they enrolled 213 patients (93 with severe CAP) and found that the rate of clinical cure after 7 and 30 days was 84/104 (80.8 %) and 69/104 (66.3 %) in the prednisolone group, and 93/ 109 (85.3 %) and 84/109 (77.1 %) in the placebo group (p00.38 and p00.08, respectively). The patients on prednisolone experienced more rapid defervescence and a faster decrease in serum C-reactive protein levels than those receiving placebo. A subanalysis of the patients with severe CAP did not reveal any differences in clinical outcomes, but late failures (>72 h after admission) were more frequent in the prednisolone group (20 vs. 10 patients, 19.2 % vs. 6.4 %; p00.04).
Despite these conflicting results, some experts think that the administration of corticosteroids may favour a more rapid resolution of disease symptoms, reducing the rate of relapses in mild cases, but that the most relevant effect of these drugs occur in severe cases where they reduce hypo-oxygenation, the need for mechanical ventilation and the length of ICU stay, particularly in patients lacking a high adrenal response [50, 51, 56] . Patients with severe CAP usually have high serum cytokine and cortisol levels, which are, respectively, the expression of severe inflammation and the consequence of the adrenal response trying to reduce the damage caused by inflammation. When the adrenal response is lacking, CAP tends to become more severe and have a negative evolution. Remmelts et al. measured IL-6, IL-8, MCP-1 and cortisol levels in the serum of CAP patients and found that adjuvant corticosteroid administration was associated with a significant decrease in the risk of death and ICU admission only in the patients with high cytokine levels and cortisol levels of <10 μg/dL [51] . This suggests that measuring cortisol levels can help to identify the patients with severe CAP who will benefit the most from corticosteroid treatment.
Moreover, data collected in children support the hypothesis that corticosteroids may be effective in cases of severe CAP associated with M. pneumoniae infection and those accompanied by wheezing. Lee et al. [53] and Tamura et al. [52] retrospectively evaluated the effect of prednisolone and methylprednisolone in children with CAP or documented M. pneumoniae infection whose clinical and radiographic findings progressively worsened, despite theoretically adequate macrolide therapy, and found that corticosteroids were associated [50] . Moreover, corticosteroids were associated with the re-admission of the patients not receiving concomitant β-agonist therapy (adjusted odds ratio 1.97; 95 % CI 1.09-3.57).
As in the case of AP, no long-term data are available concerning the safety and tolerability of the addition of corticosteroids to standard CAP treatment. However, the data collected during and immediately after the end of therapy suggest that it is not associated with any significant adverse events [42] .
In conclusion, even for CAP, the available data do not permit to draw firm conclusions on the use of corticosteroids in the treatment of this disease. The administration of corticosteroids in mild to moderate CAP cases cannot be recommended. The open point is the use of these drugs in very severe cases, particularly those requiring admission to the ICU. However, further studies are needed in order to better define the characteristics of the patients and pathogens for whom this addition is really needed, the type of drug and dosage to prescribe, as well as to precisely discover the real safety and tolerability of the treatment.
Acute otitis media (AOM)
Although the incidence of AOM has been significantly reduced by the widespread use of vaccines against its possible causative pathogens [57] , the disease remains one of the most common infectious diseases of childhood, as almost all children experience at least one episode in the first 3 years of life. In most cases, AOM is preceded by an upper respiratory tract viral infection, but it is considered to be a bacterial disease because a bacterial pathogen (mainly S. pneumoniae and untypeable Haemophilus influenzae) is found in the middle ear fluid during about 70 % of acute episodes [58] .
Given its aetiology, the only effective primary treatment for AOM is antibiotic administration. However, one consequence of antibiotic therapy is bacterial death and the release of inflammatory bacterial products (i.e. lipopolysaccharides, peptidoglycans and DNA), which can exacerbate and prolong inflammation in the middle ear and lead to otitis media with effusion (OME) and further episodes of AOM [59] . It has been shown that higher levels of inflammatory mediators are correlated with a negative outcome, and that antibiotics do not reduce cytokine levels in middle ear effusion [60, 61] . However, because of their anti-inflammatory properties, systemic corticosteroids may reduce cytokine production and limit the risk of a negative evolution. In experimental animals with purulent AOM, they have been found to have positive effects by reducing early vascular leakage and leukocyte infiltration, and lowering the concentration of leukotriene B4 in the middle ear fluid [62] . However, only one study has evaluated the impact of systemic corticosteroids on the course of AOM, and that was carried out about 10 years ago [60] . Chonmaitree et al. enrolled 179 children with AOM (aged between 3 months and 6 years) in a randomised, double-blind and placebo-controlled trial [62] , all of whom were given one intramuscular dose of ceftriaxone and then assigned to receive prednisolone (2 mg/kg/day) or placebo for 5 days. The main outcome measures were the rate of treatment failures during the first two weeks, the duration of middle ear effusion and the 6-month rate of AOM recurrences, none of which was significantly changed by treatment. The only (clinically marginal) advantage of systemic corticosteroid treatment was a higher frequency of temporarily normalised tympanometric findings on day 5 (p00.04) [62] . However, the authors themselves admitted that the results were debatable because the rate of failures in the receiving the antibiotic alone group was very low, thus, leaving less room to show the efficacy of the adjunctive drug, and because the higher proportion of temporary improvement in tympanometric findings may have reflected the positive effect of corticosteroids on Eustachian tube function, which might have led to a reduced risk of OME with longer administration. Unfortunately, as no further high-quality studies have been carried out, the effect of corticosteroids on AOM is still undefined.
Conclusions
Acute pharyngitis (AP), community-acquired pneumonia (CAP) and acute otitis media (AOM) are some of the most common infectious diseases often treated with systemic corticosteroids, at least in some countries, although this is not codified by official guidelines. This review showed that there is no evidence for the effectiveness of systemic corticosteroids in these diseases. In AP, positive effects demonstrated in some studies (i.e. a more rapid reduction in throat pain with the possibility to avoid the need for antibiotics) are too modest to justify the use of drugs for which, particularly in case of repeated administration, the potential adverse events have not been clearly evaluated. In CAP, the administration of corticosteroids in mild to moderate cases cannot be recommended and the open point remains only the use of these drugs in exceptional situations like very severe cases requiring admission to the intensive care unit (ICU). In AOM, no further high-quality studies have been carried out. This means that there is currently no indication for the universal use of systemic corticosteroids in any of the reviewed diseases, although the available data does suggest that their use may be discussed in very severe cases of CAP. The use of corticosteroids to treat AOM does not seem to be justified because many cases spontaneously resolve without sequelae and, in most cases, otitis media with effusion (OME) is not a serious clinical problem.
